Abstract This paper assesses the ex-post effects on the international trading system of eighteen pluri-lateral regional trade agreements (RTAs) by examining their impacts on intra-bloc trade and on the tendency of members to trade with the rest of the world. This study is based on a gravity model with a solid theoretical foundation involving Anderson and van Wincoop's (2003) multilateral resistance terms. The model assesses 160 countries over a time period that extends from 1960 to 2014. Making use of the Poisson pseudo maximum likelihood (PPML) estimator and selecting the proper RTA variable and fixed effects settings, our analysis confirms the widespread trade-promoting effects of RTAs with mixed effects on extra-bloc trade. However, trade diversion in terms of bloc exports and imports are detected mostly in American and African trade agreements in many cases. By contrast, export and import creations are more prominent for RTAs in Europe and Asia.
the number of RTAs established globally since the early 1990s, this paper will revisit the ex-post effects of RTAs on the multilateral trading system over a long time span, i.e., the period from 1960 until 2014. This period covers nearly all of the waves of regionalism worldwide since the Second World War.
The motivation for this study comes first from the recent upsurge in the number of regional trade agreements and of cross-regional trade agreements, which involve countries that are geographically distant from each other. Additionally, bilateral agreements have been prioritized with regard to plurilateral RTAs because it is likely to be more difficult to accomplish a trade deal among a broad group of trading partners with diverging economic and political interests (Bhagwati 2008) . Therefore, we are keen to take a fresh look at the following questions: Does regional integration by means of plurilateral RTAs truly increase the members' trade? What are their impacts on the rest of the world?
Keeping this in mind, our choice of trading blocs in this analysis comes from the "pure" form of regionalism, which embraces trading blocs formed by countries in a common geographic area or within close proximity. We aim to study the impacts of most plurilateral RTAs on their intra-bloc trade and the tendencies of member countries to trade with the rest of the world in the wake of their formation. We, thus explore whether the regional trading blocs around the world have stimulated trade among members as well as trade with non-members or, in an alternate scenario, if they have increased members' trade to the detriment of non-members.
Second, researchers have renewed their interest in the application of the gravity model to analyze bilateral trade flows, especially after the emergence of its more solid theoretical foundation in the early 2000s. Over the past fifty years, the gravity equation has become the most fruitful and dominant empirical framework for analyzing international trade. The basic gravity model, which was introduced by Tinbergen (1962) , found that the bilateral trade flows between two trading partners depended on their countries' incomes positively and bilateral distance negatively. However, this model, which is inspired by Newton's law of gravity, did not have solid underpinnings in economic theory. Several authors have attempted to develop strong theoretical foundations for the gravity model since the late 1970s 4) . Much improvement has been achieved; more recently and more notably, Anderson and van Wincoop (2003) laid out and popularized a solid theoretical framework of the gravity equation that takes into account multilateral resistance terms, as also introduced by the two authors.
Third, questions have also been raised in the empirical literature regarding the appropriate formulation of variables in the gravity equation, mostly regarding the dummy variables that are used to assess the impacts of RTAs. There has been a revolution in the choice of dummy variables for better examination of the trade effects associated with RTAs in terms of trade 4) See Anderson (1979) , Helpman and Krugman (1985) , Bergstrand (1989) , Deardorff (1998) , Baier and Bergstrand (2001) .
creation and trade diversion introduced by Viner (1950) . Based on a static and partial equilibrium framework, Viner (1950) argued that an RTA did not necessarily enhance the member countries'
welfare. The author found that RTAs under the form of free trade areas or customs unions are likely to produce trade creation if the member countries import more from efficient producers located in other member countries at the expense of less efficient producers in the domestic market. Accordingly, RTAs enhance efficiency from both sides concerning production and consumption and increase the welfare for member countries. By contrast, RTAs may lead to trade diversion when the members discontinue importing from the most efficient suppliers (low-cost producers) in the rest of the world and import instead from inefficient suppliers (higher-cost producers) in other member countries. This situation leads to inefficiency in global production, which is detrimental to the outsiders of RTAs. It can also be harmful to member countries when the consumer surplus does not outweigh the cost of the inefficiency in production.
The net effect of trade liberalization following the formation of an RTA is ambiguous and depends on whether a trade creation effect or the trade diversion effect is dominant 5) . Although
Viner's findings only focus on the static impacts of RTAs and do not clearly address their net welfare effects, his two principal concepts of trade creation and trade diversion have significantly inspired later theoretical and empirical studies on the effects of RTAs 6) . Since then, the results from the empirical literature have remained quite mixed. In this paper, we adopt the method that includes three dummy variables for each RTA to adequately capture the Vinerian trade effects. These dummy variables will explain the impacts of each RTA on intra-bloc trade, members' imports, and members' exports to the rest of the world.
Fourth, we are also motivated by the drawback shown in a large stream of literature involving specific studies in which the impacts of one or a few individual RTAs are examined. Since these studies only focus on a specific RTA or a small group of RTAs, they usually examine one geographic region and employ a small sample of countries and a short time span. Moreover, each of the studies following this specialist approach applies a different econometric strategy and does not take into account improvements in the estimation techniques. Although these specific studies could provide interesting insights on the effects of a specific agreement, they do not have enough generalizability in their findings. It is extremely challenging to compare the results of RTAs across specific studies. Hence, this analysis will assess the trade impacts 5) Viner (1950, p.44) states that: "Where the trade-creating force is predominant, one of the members at least must benefit, both may benefit, two combined must have a net benefit, and the world at large benefits; but the outside world loses, in the short-run at least… Where the trade-diverting effect is predominant, one at least of the member countries is bound to be injured, both may be injured, the two combined will suffer a net injury, and there will be injury to the outside world and to the world at large". 6) Many authors have found that parts of Viner's analysis were not complete and have thus attempted to enhance the Vinerian theory. They introduced the elasticities of demand or the dynamic effects into the model, and took into account the enlargement of trading bloc over time based on a partial equilibrium (Johnson 1960) or a general equilibrium framework (Meade 1955 , Lipsey 1970 , Kemp and Wan 1976 .
of different RTAs by upgrading the specialist approach with a larger sample of countries, more contemporaneously dissected RTAs, a longer study period and enhancements in the econometric method.
Finally, our motivation also comes from a desire for proper estimation techniques that can handle the presence of zero trade, which arises prominently in the trade data. Particularly in this case, when the proportion of zero trade reaches approximately 50% of total potential observations, the choice of a proper estimation technique that can deal with the problem of zero trade is quite important. According to Helpman, Melitz, and Rubinstein (2008) , studies could generate biased results by excluding the meaningful insight about pairs of countries that do not trade with each other.
To overcome the zero trade problem, we will estimate the gravity equation by applying the Poisson pseudo maximum likelihood (PPML) estimator that was proposed by Santos Silva and Tenreyro (2006) . Moreover, these authors also find that this approach is consistent in the presence of heteroskedasticity in trade data. In this paper, we will show that the PPML estimator can provide convincing results regarding the effects of RTAs on international trade.
This study will contribute to the literature on the ex-post effects of RTAs concerning trade creation and trade diversion by means of an upgraded version of the specialist studies. We decompose the heterogeneous effects of RTAs using a larger sample of countries and plurilateral
RTAs. Furthermore, we employ a longer time span and a more appropriate estimation technique than most of the specialist studies focusing on this question. Thus, we are interested in bridging the gap between the specialist and generalist studies in the empirical literature, as advocated by Kohl (2014) .
Within the scope of our study, we cover most of the plurilateral "regional" RTAs in force in the world that have been reported to the WTO, which includes a total of eighteen RTAs.
We are able to capture the impacts of RTAs around the world and to observe the distinct trade patterns of RTAs that are located in different geographic regions and that have been formed by countries with various levels of development. The main results from the PPML estimator and a theoretically inspired gravity model suggest that in the wake of their entry into force, most RTAs have generated a significant increase in trade flows between member countries. In addition, the impacts of trade agreements on extra-bloc trade are heterogeneous; however, in many cases, they are a detriment to the rest of the world, because they cause a decline in bloc imports from non-members as well as in exports from the rest of the world, implying a trade diversion effect.
The remainder of the paper is organized as follows. Section II summarizes the empirical literature on RTA effects. Section III briefly specifies our econometric approach, the gravity model and describes the dataset. Section IV presents our main empirical results in terms of the average effects of RTAs over the period of 1960 to 2014. Some robustness analysis is provided in Section V and Section VI concludes and indicates some caveats in the paper.
II. Literature Review
Beginning with only one dummy variable to capture the effects of RTAs on intra-bloc trade, studies on the impacts of RTAs were extended with the addition of second and third dummy variables to measure RTAs' effects on the trade of member countries with non-members. This improvement has changed the way researchers interpret the empirical results; now it is possible to more carefully assess the trade creation and trade diversion effects following the creation of RTAs, as introduced by Viner (1950) . The effects on the trade flows between regional blocs and the rest of the world resulting from the formation of RTAs can be examined more clearly with the support of different regional dummy variables. In this section, we demonstrate the path of development of the RTA empirical analysis based on the improvement of the set of regional dummy variables.
In the interest of evaluating the effects of an RTA on trade flows, many studies first enhanced the basic gravity model by including a regional dummy variable to measure its effects on the trade flows between member countries. This dummy represents the sum of trade creation and trade diversion effects generated by the RTA, as pointed out by Soloaga and Winters (2001) .
The results obtained in various studies including just one regional dummy variable have been conflicting. Based on the cross-section gravity model, Aitken (1973) , Brada and Méndez (1985) showed that the European Economic Community (EEC) had significant positive effects on trade flows between participating countries, while the works of Bergstrand (1985) and Frankel, Stein, and Wei (1995) found insignificant effects in the same RTA. Meanwhile, Frankel (1997) found a change in the effects relating to the enlargement of the EEC during the period of 1970~1992 from significantly negative to positive impacts.
In the case of trading blocs in America, Frankel (1997) found that the North American Free
Trade Agreement (NAFTA) and the Southern Common Market (Mercosur) had positive and significant impacts on intra-bloc trade by means of pooled estimation over the period of 1970 through 1992, while the bloc effect of the Andean Community is insignificant. Cheng and Wall (2005) and Bussière, Fidrmuc, and Schnatz (2005) found that these RTAs all create a positive impact on intra-bloc trade based on the panel data method with fixed effects. For the European Free Trade Association (EFTA), Frankel, Stein, and Wei (1995) showed that the coefficients for the bloc effect of EFTA were never significant during the study period. In contrast, Aitken (1973) found strong evidence that the intra-bloc trade between EFTA members is above the expected levels predicted from the gravity model following the formation of the bloc, although both studies applied cross-sectional data.
Since the studies including only a single regional dummy variable were not capable of capturing the effect of an RTA on trade flows between bloc members and non-members, in the late 1990s, many empirical studies added a second regional dummy variable to measure it. This dummy is a binary variable that assumes the value of 1 if one of the two countries in a bilateral country pair participates in a given RTA and the other does not, and 0 otherwise. Frankel (1997) indicates that this variable accounts for the level of openness of an RTA. Studies can identify the trade creation and trade diversion effects of an RTA separately thanks to the combination of the former regional dummy variable and the more recently developed dummy variable. In the cases when the formation of an RTA leads to an increase in intra-bloc trade and promotes extra-bloc trade or keeps the latter unchanged, this RTA is likely to have a trade creation effect. However, if an RTA increases the trade flows between member countries to the detriment of their trade flows with the outsiders, it appears to induce a trade diversion effect, since intra-bloc trade can substitute for the trade flows that come from non-members.
When the openness term of RTAs is taken into account, Frankel (1997) found significantly negative coefficient estimates for trade between members and non-members in the cases of EFTA and NAFTA, along with significant and positive coefficient estimates for intra-bloc trade.
The author also found that Mercosur and the free trade area indicated by the Association of South East Asian Nations (ASEAN) have increased the propensity to trade with non-members because the estimated coefficients of both regional dummy variables are positive. For the EEC, Frankel (1997) showed that in 1980 and 1985, the EEC members were more open to trade with the rest of the world than one would predict from the standard gravity variables indicated by the openness coefficient, which was highly significant and positive. By contrast, Bayoumi and Eichengreen (1997) found evidence of negative effects on extra-bloc trade following the formation of the EEC in the 1960s. Lee and Park (2005) showed that the European Union Nonetheless, the studies including these two dummy variables seldom precisely identify the trade creation and trade diversion effects of RTAs. Since the dummy variable for the level of openness (extra-bloc trade) covers both of the members' total exports and imports of goods, it is not capable of separating the impact of the trading bloc on the extra-bloc trade regarding exports from the impact regarding imports. As Soloaga and Winters (2001) noted, the import and export flows of member countries may follow different paths. When an RTA improves the trade with non-member countries, the gravity model with two regional dummy variables cannot identify whether this effect comes from the exports toward the rest of the world or the imports from non-members. Similarly, this problem also arises when an RTA has negative effects on extra-bloc trade.
The most recent studies, i.e., those published since the 2000s, once again extend the model by including a third regional dummy variable to create a set of three dummy variables individualized for each RTA. Among these three variables, one measures the intra-bloc trade between participating countries, the second attempts to explain the export flows of member countries toward non-members, and the third variable captures the import flows from the rest of the world to the member countries. The last two dummies seek to indicate the level of overall openness for the trading bloc in terms of export and import flows.
For the purpose of interpreting the effects of a given RTA, when an RTA induces an increase in intra-bloc trade (a positive coefficient) combined with an increase in extra-bloc trade in terms of exports or imports with non-members (a positive coefficient on extra-bloc exports or imports), it identifies that trade is created in terms of export flows or import flows, respectively. By contrast, if an increase in intra-bloc trade combines with a decline in extra-bloc trade concerning exports or imports (a negative coefficient on extra-bloc exports or imports), this situation is determined by an export diversion effect or import diversion effect, respectively.
Regarding the effects of RTAs on welfare, one can identify an RTA as being harmful to non-members when the coefficient on the extra-bloc trade concerning exports to non-members is negative; this leads to a falling inclination of member countries to ship their goods to the rest of the world and results in welfare losses for the outsiders. On the other hand, if it is more costly for the producers within an RTA to produce goods than those in the rest of the world, it indicates inefficiency in the allocation of resources worldwide, which is also detrimental to the outsiders of RTAs (Trotignon 2010 ).
In a cross-sectional study by Soloaga and Winters (2001) , an import creation effect was present in the cases of the EU, EFTA, NAFTA, and ASEAN and negative effects were found on extra-bloc trade for Andean, CACM and Mercosur agreements, on average, over the period of 1980~1996. Carrère (2006) and Trotignon (2010) , who employed the panel data approach, also found an increase in the propensity of the EU to export to the rest of the world. Meanwhile, Endoh (1999) pointed to trade creation effect in the EEC over the period of 1960~1994 through all three channels, i.e., intra-bloc trade and extra-bloc trade in terms of both exports and imports. For the Andean Community, Mercosur, NAFTA and ASEAN, Carrère (2006) showed a falling propensity to import from the rest of the world in the wake of the formation of these RTAs, while Trotignon (2010) found opposite effects, as the author demonstrated an increase in extra-bloc trade in terms of imports coming from non-members. Although the two authors both use the panel gravity model, their studies have very conflicting results due to the differences in the econometric methods included in their models.
In summary, many studies have distinctly contributed to the evolution in the empirical analysis of RTA effects on international trade by developing a set of regional dummy variables, i.e., going from a single dummy to three dummies. According to our objective, this paper is reasonably in line with the specific studies that use a set of three regional dummy variables individualized for each RTA, which has been the most recent development in the set of RTA dummy variables. Most of the empirical studies that include three regional dummy variables agree on the trade creation effects in terms of the intra-bloc trade following the creation of RTAs. Nonetheless, they are divided concerning the RTA impacts on extra-bloc trade. Soloaga and Winters (2001) and Carrère (2006) show the trade diversion effects in terms of bloc exports and imports for most RTAs, whereas Trotignon (2010) finds trade creation effects regarding the extra-bloc trade for a majority of RTAs. Once again, these mixed results stem mostly from differences between these studies in terms of the study period, the sample of countries, and the choices of explanatory variables and estimation techniques.
III. Methodology and Data

A. Econometric approach
Studies on the ex-post effects of RTAs some have encountered some problems in the gravity model. The first problem, which is the most relevant for this analysis, concerns zero trade flows between country pairs. In some cases, some of the zero trade flows reflect a random rounding error or random missing data. They may also come from the systematic rounding of very low reported values of bilateral trade. In contrast, the zero trade flows found in the database may naturally originate from the fact that bilateral trade does not exist over a period due to the remoteness of those countries, the prohibitive transport costs or the small sizes of the economies, as argued by Frankel (1997) , Santos Silva and Tenreyro (2006), and Helpman, Melitz, and Rubinstein (2008) . Martin and Pham (2015) also found that most of the bilateral trade flows in aggregate trade data display a real absence of trade. The problem of zero trade flows is quite serious since almost 50% of the total observations on bilateral trade are zero in the dataset used by Santos Silva and Tenreyro (2006) , Helpman, Melitz, and Rubinstein (2008) , and Burger, van Oort, and Linders (2009) . As a result, the problem of zero trade flows must be seriously considered using proper econometric techniques.
The conventional method for estimating the gravity model is to keep the model in log-linear form. However, this approach is inappropriate, because the log-linearized model is not feasible for observations involving zero trade flow because the natural logarithm of zero is undefined. Other studies choose to not exclude zero trade flows, but use some transformation involving the dependent variable, for instance, adding a small number to the zero trade observation (a value of 1 in most cases) before taking logarithms. Another method uses a Tobit model and keeps the observations involving zero trade. Santos Silva and Tenreyro (2006) argued that these methods induce inconsistent estimates in the case when the constant-elasticity model is used.
They also pointed out that the standard methods used to estimate the gravity models can lead to misleading estimated coefficients in the presence of heteroskedasticity, which appears inherently in trade data. If the problem of heteroskedasticity rises in the multiplicative model, then its transformation into log-linear form can lead to a more severe bias in the estimated elasticities. Hence, the authors do not recommend estimating the gravity model based on a log-linearized version.
According to Santos Silva and Tenreyro (2006) , the PPML estimator is a natural method to solve the problem of zero trade flows. Specifically, they found that the performance of the PPML estimator is not affected when the proportion of the dependent variable with zero trade is substantial. Since the gravity model is directly estimated from its multiplicative form, where the dependent variable is measured in levels instead of linearizing the model by using logarithms, the zero trade flow problem is handled well. Moreover, they found that the PPML method appears to yield more robust and consistent results than the other econometric techniques in the presence of heteroskedasticity. Several recent empirical analyses on the gravity model, such as those by Westerlund and Wilhelmsson (2011) , Anderson and Yotov (2012), Anderson and Yotov (2016) , and Anderson, Larch, and Yotov (2018) , have included the PPML method and praised the estimator as a new central tool to assess international trade.
The second problem in the gravity model encountered by many analyses on trade policies involves the endogeneity of RTAs when there is potential reverse causality between RTAs and a higher level of bilateral trade between country pairs. According to the hypothesis of "natural trading partners" or "natural trading blocs" that was introduced by Krugman (1991) , countries show a propensity to form RTAs with other partner countries for which there are potentially higher trade volumes between them. Furthermore, there are still many unobserved factors between country pairs that may increase bilateral trade and promote the establishment of an RTA concurrently. As a result, the estimated coefficients are likely to be biased since the RTA dummy variable featuring the existence of the trade agreement is potentially correlated with the error term in the gravity equation.
A majority of empirical studies using cross-sectional data and including dummy variables for trade agreements do not take the issue of RTA endogeneity into account. In the extant literature, Trefler (1993) and Lee and Swagel (1997) published the first studies that attempted to adjust for the endogeneity of trade policies on a cross-sectional framework by using instrumental variables 7) . By contrast, Magee (2003) recently found that the instrumental-variables approach does not appear to be efficient in adjusting the issue of endogeneity bias of a binary RTA dummy variable. The author pointed out that it is difficult to find instruments that are unlikely to be correlated with the error term of the gravity equation.
An alternative method of addressing potential endogeneity with RTAs is to estimate the gravity model with the fixed effects (within) estimator that includes bilateral fixed effects for country pairs. According to Baier and Bergstrand (2007) , these fixed effects can address the issue of RTA endogeneity bias because they are able to better deal with the unobserved heterogeneity among pairs of countries-one of the most important sources of the endogeneity problem related to RTAs. In addition, Head and Mayer (2013) found that due to the lack of adequate instrumental variables, the fixed effects (within) estimator is able to control for part of the potential RTA endogeneity bias. Filippini and Molini (2003) likewise used the country-pair fixed effects model and found that long-term data do not have the endogeneity problem and produce unbiased results.
The third prominent challenge to address in the gravity model is Anderson and van Wincoop (2003) 's multilateral resistance terms. According to the authors, studies are more likely to be biased because they fail to take into account unobserved price indices. Therefore, their multilateral resistance terms incorporate three trade resistance factors in international trade, which are the bilateral trade barriers, the exporter country's trade resistance toward all other destinations, and the importer country's trade resistance toward all other trading partners.
To carry out an easier computational method for taking into account these multilateral resistance term variables in a panel data setting, Anderson and van Wincoop (2003) and Feenstra (2004) suggest the use of time-variant fixed effects for both the exporter and importer countries. This type of fixed effect can produce unbiased results concerning the gravity estimates and has become the preferred econometric technique of many researchers, like Baier and Bergstrand (2007) , Magee (2008) , and Kohl (2014) .
Our study aims to address these significant problems in the gravity model with the help of the PPML estimator and a theoretically inspired gravity model with a proper specification of fixed effects.
7) Trefler (1993) and Lee and Swagel (1997) concluded that the impacts of trade liberalization policies tend to be underestimated without considering instrumental variables.
B. Gravity methodology
To estimate the effects of RTAs on members' trade, we employ the basic gravity equation that has usually been used in international trade analysis. We first augment the model with the dummy variables for eighteen plurilateral RTAs. This brings forth the following equation:
( 1) where X ijt is the value of trade flow in terms of goods in current dollar values from exporter country i to importer country j at time t. GDP it and GDP jt are the proxies for the exporter and importer country's economic size (gross domestic product), respectively. The impact of these two variables on bilateral trade flows is expected to be positive. DIST ij is the distance measured in kilometers between country i and country j and we expect its impact on trade flows to be negative. LANG ij is a binary variable that takes the value of 1 if i and j share a common language, and 0 otherwise. The effect of this dummy variable is expected to be positive, given that a common language between two trading partners could facilitate trade deals and, thus, reduce trade costs. CONTIG ij is a binary variable that takes the value of 1 if i and j have a common land border, and 0 otherwise. The effect of sharing a common land border between two countries is likely to have a positive effect on bilateral trade flows. RTA k _ Intra ijt assumes the value of 1 if both trading partners i and j have participated in a common RTA k at time t, and 0 otherwise. This dummy variable dissects the intra-bloc trade. Finally, e is the natural logarithm base, and denotes the error term.
The traditional approach to estimating Equation (1) in the literature is to transform it to a linear model by taking the logarithms, which leads to the following equation:
where is the error term of Equation (2). However, the log-linear model struggles with observations involving zero trade value because the natural logarithm of zero is undefined.
As explained in the previous section, this study applies the PPML estimator to deal with the challenges that the log-linear gravity equation has failed to overcome. Moreover, we employ a fixed effects version of the gravity equation that includes the country-pair and time-varying exporter and importer fixed effects to control for the endogeneity of RTAs and unobservable multilateral resistance terms, respectively.
Thus, the PPML estimation is used to estimate the gravity model, which is written as follows:
where and denote the time-varying exporter and importer fixed effects, respectively, and represents the bilateral fixed effects.
Equation (3) remarkably enhances the gravity estimates. However, Equation (3) cannot take into account the RTA variables on extra-bloc trade. Thus, this indicates an important limitation of the gravity specification with exporter-year and importer-year fixed effects. Note that the importer-year fixed effect controls for the variation in the importer country's overall imports in year t. Including this fixed effect does not allow us to simultaneously distinguish the evolution in RTA intra-bloc imports and the change in the RTA extra-bloc imports, because, as argued by Magee (2008) , the latter two values constitute the total change in the importer's total imports.
The exporter-year fixed effect behaves in a similar way.
Accordingly, to analyze the impacts of a trade agreement on its intra-bloc trade as well as its extra-bloc trade in terms of bloc exports and imports, we estimate the following gravity specification that omits exporter-year and importer-year fixed effects:
where denotes year effects to capture common yearly trends and shocks.
Regarding the additional RTA variables, RTA k _ X ijt assumes the value of 1 if exporter country i belongs to an RTA in which importer country j does not participate at time t, and 0 otherwise. This dummy variable captures the impact of the bloc exports to the rest of the world. Variable RTA k _ M ijt assumes the value of 1 if importer country j belongs to an RTA in which exporter country i does not participate at time t, and 0 otherwise. This dummy variable tests the impact of the bloc imports coming from the rest of the world.
Hence, the set of prime variables of interest (three RTA dummy variables) allows us to assess the influence of the precisely identified RTA trade effects (introduced by Viner 1950) on member countries and multilateral trading system. To capture the trade creation and trade diversion effects of a specific RTA, we need to examine the signs of the coefficients of these RTA variables, which are , , , respectively. If , meaning the formation of an RTA stimulates intra-bloc trade creation effects between member countries, when both member countries join the RTA, additional trade is induced. More precisely, the domestic production of member countries or the bloc imports coming from the rest of the world can be substituted with the increase in intra-bloc trade resulting from the formation of the RTA.
Thus, the coefficients of and will determine the trade creation and trade diversion effects for a specific RTA. We demonstrate our method of analyzing the signs of the RTA coefficients, inspired by Soloaga and Winters (2001) , Carrère (2006) and Trotignon (2010) ,
in Table 1 as follows. In summary, when combines with , it indicates trade creation in terms of bloc exports to the rest of the world and bloc imports from the rest of the world. The variable coupled with displays trade diversion regarding bloc exports or bloc imports. The term "export creation/diversion" is used to illustrate higher/lower trade when the exporter country is a member of the RTA and the importer country is not, whereas "import creation/diversion" is used for increased or reduced trade when the importer country belongs to the RTA but the exporter country does not. If are both negative, then we compare the value of with the absolute value of the sum of to examine whether the trade diversion regarding bloc exports and bloc imports can completely outweigh the intra-bloc trade creation (in the case when ). Additionally, studying the signs of the RTA coefficients also helps us to assess the welfare of non-members. For instance, when combines with , we find a decrease in the welfare of non-members through the export diversion effect.
C. Data
The model is estimated based on a dataset that includes 160 countries over the period of Of all of the observations, 32,500 (2.3%) belong to an RTA that is included in our study; these are observations of 1,682 country pairs (6.6%). Among these eighteen RTAs, the EU has the most member countries; it has 27 countries 9) and covers 11,910 observations over a time Additionally, Figure 3 shows that the zero trade flows are nonrandomly distributed, as can be expected from trade theory (Burger, van Oort, and Linders 2009) . In summary, the dataset used in this paper suggest again that the issue of zero trade flows is quite crucial, with 50.5% of the observations having zero trade flows. Thus, this finding justifies the need to gather the valuable information that is contained in the zero trade data to address the lack of trade in certain country pairs. The results in Panel A, Table 3 are for the traditional gravity model that only includes the variables for different RTAs' intra-bloc trade, the logs of GDPs, distance, and some other bilateral control dummies as explanatory variables, as described in Equation (2). Then, we investigate the impact of controlling for a more structural set of fixed effects. Columns (1) to (3) provide the coefficients estimated using the PPML method. For comparison, Columns (4) and (5) list the estimation outcomes resulting from the fixed effects (FE) (within) estimator, which will be discussed later.
IV. Empirical Results
A. Baseline model dissecting the impacts of RTAs on intra-bloc trade
At first glance, Column (1) presents the PPML results of the basic gravity model, in which the GDP level of the exporter and importer countries are highly statistically significant at the 1% level and have the expected positive sign, because bilateral trade flows increase with the size of the GDP of the trading partners. The coefficient on distance is negative and statistically significant at the 1% level as well. The estimated coefficients on contiguity and common language are also positive and highly significant, as expected.
Since the primary interest in this study is to assess the impact of various RTAs on members'
trade, we mainly focus on the RTA dummy variables. The traditional gravity model without any FE in Column (1) shows significant intra-bloc trade in most regional blocs. The median RTA in the first column is estimated to raise intra-bloc trade by 127.7% (=100*(e 0.823 −1)). Since this specification ignores the recent developments in the theoretical foundations of the gravity model, these results may suffer from bias.
Column (2) puts the FE for each country pair and for every year into the dissection, which is similar to Equation (4). We find that when bilateral and year FE are controlled for, the impact of the median RTA on the members' intra-bloc trade decreases to 74.9%, which is approximately Columns (1), (2), and (3) employ the PPML estimator. Columns (4) and (5) use the panel data technique with the fixed effects (within) estimator. The dependent variable in the PPML regression is the export flows in levels. The dependent variable in the fixed effects (within) regression is the natural log of the export flows. Panel B employs the data with 3-year intervals. Standard errors are reported in parentheses and clustered by country pair. Respectively, *, **, and *** denote significance at the level of 10%, 5%, and 1%. Table 3 . Continued half of the value in Column (1). We show evidence that the gravity models without bilateral FE tend to overestimate the impact of RTAs on trade because the countries engaging in RTAs show a preference for country pairs with historically significant levels of bilateral trade.
Column (3) shows the coefficient outcomes resulting from the preferred specification: Equation (3) with time-variant FE for exporters and importers as well as country-pair FE 11) . Not surprisingly, the GDP and bilateral control variables are perfectly collinear with the set of country-year and bilateral FE, respectively, and are thus not determined. The results in terms of the impacts of the RTAs on the intra-bloc trade reinforce the results from Column (2). Including exporter-year and importer-year FE in the model also tends to make the estimated coefficients of the regional 11) By means of the Stata package ppml_panel_sg that was written by Larch et al. (2017) , it is computationally possible to estimate these nonlinear regression models with high-dimensional fixed effects (a total of 43,040 potential dummies in terms of exporter-year, importer-year and country-pair fixed effects for the complete dataset). See Larch et al. (2017) for further details. We also conduct a sensitivity analysis using the panel data technique with the FE (within)
estimator. Column (5) shows that most regional agreements have consistent effects on intra-bloc trade with the results from the PPML estimation. Only EAC and CACM have conflicting effects on intra-bloc trade across the PPML and the FE (within) estimations, because they are sensitive to the treatment of zero trade using the PPML estimator. Interestingly, we also observe that most of the estimated coefficients on the RTAs from the FE (within) estimator are consistent regardless of the FE chosen.
B. Baseline model analyzing the effects of RTAs on extra-bloc trade
As explained in the previous section, to assess the impacts of RTAs on extra-bloc trade, we have to omit the exporter-year and importer-year FE and estimate Equation (4). The results are summarized in Table 4 .
The results in Table 4 It may seem surprising that the coefficient for the intra-bloc trade is negative for a regional agreement since intra-bloc trade tends to increase more than what is predicted by the gravity model following the formation of an RTA. However, Soloaga and Winters (2001), Carrère (2006) , Tumbarello (2007) , and Kohl (2014) also find a negative sign in the coefficient for intra-bloc trade for several RTAs, including ASEAN, CIS, EFTA, and EU. In our case, the negative coefficient for the EAC intra-bloc trade could be explained by the lack of real effort to promote intra-bloc trade between its African member countries through, for example, reducing tariff barriers or enhancing transportation networks. Trade agreements involving European countries, including EU, EFTA, and CIS, witness export creation by means of significant positive coefficients on bloc exports along with an increase in their intra-bloc trade. Import creation is also observed in the cases of EFTA and CIS. Interestingly, we find that European RTAs have had a strong trade-promoting impact on both intra-bloc trade and extra-bloc trade. For instance, intra-EU27 trade is 76.3% above the levels that are predicted by the gravity model along with a propensity to export to non-members increasing by 9.5% on average over the period of 1960~2014.
Regarding the assessment of the trade creation and trade diversion effects of RTAs in terms
Our findings in terms of the EU27 effect are in line with the results from Soloaga and
Winters (2001), Carrère (2006) and Trotignon (2010) that indicate export creation for the EU.
The EU does not have any significant effect on its bloc imports, which is akin to the findings of Soloaga and Winters (2001) . Additionally, we do not find any evidence that the regional integration of EU members negatively impacts EU exports and imports to/from the rest of the world, thus imposing costs on non-members. Specifically, our findings cover all of the enlargement processes of the EU from EU9 to EU27. Nonetheless, our results of the effects on EU extra-bloc trade are quite different from the findings of Frankel (1997) and Sapir (1998) , which do not cover the recent expansion of the EU.
In the case of EFTA, its extra-bloc trade patterns reflect its openness toward European neighbors, especially its former members that joined the EU during the 80s and 90s. This result is also in line with Soloaga and Winters (2001) .
Note that CIS experiences an excessively high level of trade creation effects in terms of both intra-bloc trade and extra-bloc trade. This might be explained first by the strong trade ties between CIS members, which are former members of the Soviet Union. Second, as argued earlier, CIS intra-bloc effects are very sensitive to the set of country-pair and year FE. Therefore, we do not take into account the effects of CIS on its members' intra-bloc and extra-bloc trade at the further stage of our analysis.
Turning to the RTAs formed by countries in America, most plurilateral trade agreements were found to have extra-bloc trade diversion effects in terms of bloc exports or imports despite the members' levels of economic development. We show a negative propensity to export to the rest of the world for NAFTA and Mercosur countries, with an average decline of 17.7% and of 12.5%, respectively. This result is in line with the findings of Soloaga and Winters (2001) concerning both RTAs and of Trotignon (2010) with regard to NAFTA but are contradictory to the findings of Carrère (2006) . The latter study revealed significant import diversion and negligible effects on bloc exports for these two trading blocs.
In addition, an import diversion effect is found for Andean, which is also found by Soloaga and Winters (2001) and Carrère (2006) . We also obtain export and import diversion effects for CARICOM. Only CACM shows a tendency to increase extra-bloc exports and imports with the rest of the world, which is in line with the findings of Trotignon (2010). We do not find any trade impacts for the Dominican Republic-Central America Free Trade Agreement (CAFTA-DR) in the setting of Equation (4) . We find that there is no significant trade-creating effect in terms of intra-bloc trade for several African RTAs, except for COMESA and SADC.
Most African RTAs have a negative propensity to export and import with the rest of the world, especially WAEMU and COMESA. The findings are likely to reflect the strong connection among African countries in East Africa and among former French colonies in West Africa through a tendency to trade with member countries, which is detrimental to non-members. Nonetheless, COMESA is the only RTA that is experiencing an increase in intra-bloc trade; however it is entirely offset by a lower propensity to export and import. In contrast, an import creation effect is only found for SADC, which is likely driven mainly by the dynamics of imports by South Africa (a BRICS member) from the rest of the world.
In short, four main findings emerge from our study. First, intra-bloc trade creation effects are found for most plurilateral RTAs. There are indeed increases in trade between member countries in the wake of the establishment of several RTAs. Second, the impacts of regional agreements on extra-bloc trade are heterogeneous. Export and import diversion effects are significant in many RTAs based in America and Africa, regardless of whether they are formed by developed countries or developing countries. In contrast, there are more export and import creations resulting from the formation of RTAs in Europe and Asia. Third, when the impact of an RTA on extra-bloc trade in terms of both bloc exports and imports is significant, we do not discover any RTA that has a contradictory sign of the estimated coefficients on the RTA's exports and imports. This suggests that there is no evidence that export diversion effect 12) For instance, Tanzania has joined all of the three RTAs in South East Africa (COMESA, SADC, and EAC), and Madagascar has also participated in COMESA and SADC.
couples with the import creation effect and vice versa. Finally, the estimated impacts of RTAs on international trade are still very consistent and comparable with the findings from the literature when zero trade flows are taken into account by using the PPML estimator.
V. Robustness Checks and Extension
A. Adjustment in trade flows
Since bilateral trade flows need time to adjust to changes in trade policies or trade costs, our first robustness check uses panel data with 3-year intervals in preference to data compiled over consecutive years, as proposed by Baier and Bergstrand (2007) , Olivero and Yotov (2012) , Kohl (2014) and Anderson and Yotov (2016) .
The results for the adjustment in trade flows from the specification using only RTA intra-bloc trade dummies are presented in Panel B, Table 3 . We find that eleven of the 18 plurilateral Interestingly, Asian RTAs, such as ASEAN and SAFTA, continue to show insignificant impacts on intra-bloc trade in the results of the PPML regression (Column (6), Table 3 ) and significant negative impact in the results from the FE (within) estimation (Column (7), Table   3 ). This reflects their long implementation period in terms of trade liberalization schedules 13) .
ASEAN has implemented tariff concessions for over 26 years (from 1992 to 2018), while the SAFTA has an implementation period of over ten years (from 2006 to 2016) . This means that ASEAN members have gradually lowered their trade barriers (both tariff and non-tariff barriers) for goods coming from other members. Thus, the slow decrease in trade barriers within ASEAN does not generate substantial impacts on their intra-bloc trade.
Regarding the effects of RTAs on both intra-bloc trade and extra-bloc trade that are presented in Figure 4 , the gravity estimates that are obtained with 3-year intervals deliver consistent results with regard to the baseline results built on consecutive years. Thus, the effects of individual RTAs on intra-bloc trade and extra-bloc trade in terms of exports and imports are very similar 13) Each RTA is subject to a different liberalization procedure and schedule. In some RTAs, the liberalization of intra-bloc trade takes place upon the date of entry into force of the trade agreement. In this study, this date is used to define whether the dummies for the RTA take the value of 1 or 0. More common for RTAs is a phased implementation of tariff concessions over a period. The WTO's data on RTAs determines that the implementation period for a given RTA is the date of final implementation of tariff eliminations undertaken by the slowest liberalizing member.
for 14 of the RTAs. Only a few additional effects are found, such as import diversion for CAFTA-DR and export creation for SADC. We also experiment with data composed of 4-year gaps and find that the similarity in the results always holds for most of the RTAs included in this study. Surprisingly, the import creation effect is indicated for ASEAN, as discussed, these member countries have a propensity to exchange goods with the rest of the world. This finding is consistent with Soloaga and Winters (2001) and Carrère (2006) . In addition, we no longer find any significant extra-bloc trade effects for the EU.
Moreover and as expected, the consistency in our results covering 3-year and 4-year intervals data is in line with the work of Olivero and Yotov (2012) . They find that a dataset with 3-year, 4-year or 5-year intervals provides similar results for the estimates of gravity variables in terms of magnitudes, significance, and signs.
B. Phased-in period of regional trading blocs
As regional agreements potentially have a phase-in period, we employ lagged RTAs variables to account for these dynamic effects of RTAs. Following the proposition of Baier and Bergstrand (2007) , our second robustness check includes three-and six-year lags of the set of RTA variables in our estimation. Thus, our gravity specification becomes the following: (5) Figure 5 summarizes the estimated results from Specification (5) and shows the total average treatment effect (ATE) in terms of intra-bloc trade, bloc exports and imports, respectively. Total ATE is the sum of the statistically significant RTA estimated coefficients following Baier, Bergstrand, and Feng (2014) . First, we find that trade agreements continue to yield effects on the members' trade flows up to six years after they have entered into force. Fourteen of the 18 RTAs show consistent overall effects on intra-bloc trade and extra-bloc trade regardless of the inclusion of one or two lagged variables; the exceptions are EU, PAFTA, and EAC. This suggests that including 3-year and 6-year lags leads to variation in the effects of these RTAs on their extra-bloc trade, e.g., no more import diversion for the EU and EAC after six years and an import creation effect for PAFTA in place of import diversion after six years. The WAEMU is the only trading bloc that does not experience any significant effects on members' trade.
Moreover, our results including RTA lagged variables are consistent with our baseline model in the previous section. We do not find that any RTAs have conflicting trade effects with the specification excluding the lagged terms. Interestingly, the addition of the RTA lagged variables leads to an emergence of RTA phased-in effects that cannot be obtained at the year of entry but instead, are obtained after a certain period of time. Thus, intra-bloc trade creation for ASEAN, ANZCERTA, and COMESA appears after three years of entry into force; import diversion also emerges for CAFTA-DR, PAFTA, and EAC in the specification with the RTA lagged terms. Total average treatment effect of RTAs with three-year and six-year lags 
C. Effects of RTAs on individual member countries
For this extension to the analysis, we take into account the effects of RTAs on each member country individually. Countries involved in an RTA may experience different impacts on their intra-bloc trade following the introduction of the trade agreement because they differ substantially in economic and geographic characteristics (i.e., GDP, trade openness, distance to the rest of the world, etc.). Thus, we expect heterogeneous intra-bloc trade effects of RTAs on an individual member.
Based on our preferred gravity Equation (3), we add a country dummy as suggested by Herderschee and Qiao (2007) and Soete and Van Hove (2017) to estimate this individual effect for member countries. Equation (3) then becomes the following:
Here, we employ an importer country dummy (C jt ) to better acquire the trade-promoting effects of an RTA with regard to intra-bloc imports on a member country by means of a reduction in the importer's tariffs and other non-tariff barriers. Likewise, we use an exporter country dummy (C it ) to obtain the effects of a trade agreement concerning intra-bloc exports. However, we cannot include both dummies in the same equation due to the problem of collinearity. Figure 6 presents results that involve six plurilateral RTAs that have an important share of intra-bloc trade in their total trade flows and a high level of depth of integration. These RTAs tend to increase the intra-bloc trade of their member countries; however, these trade-promoting effects are not significant nor are they experienced by every member. We find that only the Andean Community increases the intra-bloc imports and exports among all of its members.
The EU is found to significantly increase the intra-bloc trade in terms of both imports and exports for only its 17 members. Interestingly, ASEAN boosts intra-bloc imports in the case of Indonesia and Myanmar but decreases imports from other ASEAN members (i.e., Cambodia, Singapore, and Malaysia). The Philippines experiences a significant increase in its intra-bloc exports at the expense of Malaysia, Cambodia, and Vietnam. Moreover, most countries that join the ASEAN do not experience any positive effects of this trade agreement on trade flows.
Only the United States experiences an increase in its intra-bloc imports within NAFTA.
Nonetheless, NAFTA boosts the intra-bloc exports of Canada and Mexico. For Mercosur, almost all of their member countries experience significant trade-promoting effects from their respective regional agreements, especially Argentina and Brazil, which obtain a more pronounced increase in their intra-bloc trade than Paraguay and Uruguay.
In addition, we obtain great heterogeneity in the magnitude of the effects of RTAs on intra-bloc imports and exports for most of the plurilateral RTAs, such as the EU, WAEMU, and Andean Community. For instance, the EU increases imports from other members by approximately 250% for Romania and more than 210% for Estonia but only by 30% for Austria.
Our findings suggest that countries taking part in the recent expansion of the EU (i.e., Romania, Poland, and Hungary) experience a more prominent impact on trade from the EU in terms of intra-bloc imports and exports than other EU member countries. 
VI. Conclusions
This paper revisits the ex-post effects of RTAs on member countries' trade by applying some of the most up-to-date methodological improvements in the empirical literature on trade.
By adopting the PPML estimator and a theoretically-motivated FE gravity model, we find significant intra-bloc trade creation for most of the plurilateral RTAs included in our analysis, (2001) and Carrère (2006) . Moreover, these results are consistent across different specifications, including lagging RTA variables by three years or six years. For most RTAs, the effects of trade diversions on extra-bloc trade are still predominant six years after their entry into force. Our findings suggest that the propensity of regional integration around the world has improved the performance of intra-bloc trade for many RTAs; nonetheless, it is detrimental to the rest of the world. Hence, this result appears plausible in the light of the upsurge in RTAs over the past two decades and the failure of the Doha Round of the WTO, which aims to improve the multilateral trading system. It seems that African and American trading blocs, which are formed in the same geographical areas, enhances the coherence between them in terms of tariff cuts and the setting up of more transparent and less complex rules of origin. This mechanism would be useful to limit the welfare losses that emerge from trade diversion. In addition, the WTO might have a pivotal contribution toward "open regionalism" and the multi-lateralization of existing plurilateral trading blocs. The WTO could coordinate RTAs and narrow down the differences in the collections of rules and margins of preference across those trading blocs, as advocated by Baldwin and Thornton (2008) .
Our results also show that a plurilateral RTA can have very heterogeneous impacts on its member countries. This suggests that the governments involved in trade deals may not systematically seek homogeneous effects for all partners. Instead, the extent of the trade-creating effect of an RTA on member countries is likely to be driven by the gains or losses from their own trade policies, i.e., from specialization based on differences in resource endowments or from intra-industry trade based on scale economies and product differentiation among the member countries. Thus, policymakers need to be cautious in making use of RTAs as an indisputable tool to promote trade liberalization and spur economic benefits to the global trading system.
Appendix 4. Summary statistics
VARIABLES
(1) (2) (3) (4) (1), (2) and (3) employ the data with consecutive years, 3-year intervals and 4-year intervals, respectively. Standard errors are reported in parentheses and clustered by country pair. *, ** and *** denote significance at the level of 10%, 5% and 1%, respectively.
